12 United States Patent

Landon et al.

US011833040B2

US 11,833,040 B2
Dec. 5, 2023

(10) Patent No.:
45) Date of Patent:

(54) SYSTEM AND METHOD FOR CRIMPING A
PROSTHETIC VALVE

(71) Applicant: Edwards Lifesciences Corporation,
Irvine, CA (US)

(72) Inventors: David Robert Landon, Huntington
Beach, CA (US); Glen T. Rabito, Lake

Forest, CA (US); Hieu Minh Luong,
Westminster, CA (US)

(73) Assignee: EDWARDS LIFESCIENCES
CORPORATION, Irvine, CA (US)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 0 days.

(21)  Appl. No.: 17/825,071

(22) Filed: May 26, 2022

(65) Prior Publication Data
US 2022/0287833 Al Sep. 15, 2022

Related U.S. Application Data

(60) Continuation of application No. 16/851,959, filed on
Apr. 17, 2020, now Pat. No. 11,344,409, which 1s a
division of application No. 15/487,881, filed on Apr.
14, 2017, now Pat. No. 10,639,147.

(60) Provisional application No. 62/354,371, filed on Jun.

24, 2016.
(51) Int. CL

AGIF 2/24 (2006.01)

B21D 39/04 (2006.01)

AG61F 2/95 (2013.01)
(52) U.S. CL

CPC ... AGIF 2/2418 (2013.01); AGIF 2/2412

(2013.01); A61F 2/9525 (2020.05); B21D
39/04 (2013.01); A61F 2/2436 (2013.01):
AGIF 2/9522 (2020.05); AGIF 2210/0014

(2013.01); A61F 2250/0069 (2013.01)

o
L

Ak,

_" 7
&L

2
e

#ELK
W/

%

b
J
ez

"~
g N
N

(38) Field of Classification Search
CpPC ... A61F 2/9522; A61F 2/9525; A61F 2/9526

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

1,438,681 A 12/1922 Bath
1,493,515 A 5/1924 Berthold
2,079.498 A 5/1937 Douglas
2,787,925 A 4/1957 Buchanan et al.
2,974,367 A 3/1961 Doering et al.

(Continued)

FOREIGN PATENT DOCUMENTS

WO 03047468 Al 6/2003
WO WO-2012177777 Al * 12/2012 ... AO1F 2/95
WO WO0-2016046599 Al * 3/2016 ... A61B 50/30

Primary Examiner — Jacob J Cigna

(74) Attorney, Agent, or Firm — Klarquist Sparkman,
LLP

(57) ABSTRACT

Embodiments of a crimping device for crimping a radially
expandable and compressible prosthetic valve are disclosed.
A crimping device can comprise a housing configured to
receive a prosthetic valve 1n a radially expanded state. The
housing member can include a funnel segment and an outlet
in communication with the funnel segment. The crimping
device can further comprise an actuator rotatably coupled to
the housing, wherein rotation of the actuator relative to the
housing causes the prosthetic valve to move axially through
the funnel segment such that at least a portion of the
prosthetic valve compresses radially by engagement with the
funnel segment and exits the crimping device via the outlet.
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SYSTEM AND METHOD FOR CRIMPING A
PROSTHETIC VALVE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 16/851,959, filed Apr. 17, 2020, now U.S. Pat.

No. 11,344,409, which 1s a divisional of U.S. patent appli-
cation Ser. No. 15/487,881, filed on Apr. 14, 2017, now U.S.
Pat. No. 10,639,147, which claims the benefit of U.S.
Provisional Application No. 62/354,371, filed Jun. 24, 2016.
The prior applications are incorporated herein by reference
in their entirety.

FIELD

This disclosure relates to systems and methods for crimp-
ing a prosthetic valve for delivery into a body.

BACKGROUND

The human heart can sufler from various valvular dis-
cases. These valvular diseases can result in significant
malfunctioning of the heart and ultimately require replace-
ment of the native valve with an artificial valve. There are a
number of known artificial valves and a number of known
methods of implanting these artificial valves 1n humans.
Because of the drawbacks associated with conventional
open-heart surgery, percutancous and minimally-invasive
surgical approaches are garnering intense attention. In one
technique, a prosthetic valve 1s configured to be implanted
in a much less imnvasive procedure by way of catheterization.
For example, collapsible transcatheter prosthetic heart
valves can be crimped to a compressed state and percuta-
neously itroduced in the compressed state on a catheter and
expanded to a functional size at the desired position by
balloon inflation or by utilization of a self-expanding frame
or stent.

A prosthetic valve for use 1n such a procedure can include
a radially collapsible and expandable frame to which leaflets
of the prosthetic valve can be coupled. The leaflets typically
are made of biological materials such as pericardium valves
or harvested valves. For improved function after deploy-
ment, 1t 1s often desirable to package and store such valves
in the open (i.e., expanded) diameter inside a preserving
solution up until the time the valve 1s mounted on a delivery
device for implantation. Using this procedure, it may be
necessary to crimp the valve in the operation room a few
minutes before implantation, therefore precluding pre-
crimping by the manufacturer. Thus many crimping devices
are now shipped as a disposable accessory along with the
valve and delivery system, thus increasing the importance of
portability of such crimping devices.

Generally, conventional crimping devices operate by one
of two methods. In one method, a stent 1s driven through a
cone-like surface, which compresses the stent to a smaller
diameter. For example, a static conical tube can be passed
over a stent, thereby reducing 1its diameter. This method
typically 1s used for crimping prosthetic valves having
self-expanding metal frames (e.g., frames made of Nitinol),
which are easily deformable. Self-expandable prosthetic
valves typically are pushed from the comical tube of the
crimping device into a sheath of a delivery apparatus, which
retains the prosthetic valve 1 a radially compressed state.
The second crimping method uses crimping jaws to create a
cylinder-like surface that can change diameter. This method
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2

typically 1s used for crimping prosthetic valves having
plastically-expandable frames (e.g., frames made of stain-

less steel or cobalt chromium alloys).

Self-expandable prosthetic valves typically have multiple
connection features extending from the frame that form a
releasable connection with the distal end of the delivery
apparatus. Once the prosthetic valve has been deployed from
the sheath inside the patient’s body, the physician can
release the connection between the delivery apparatus and
the connection features of the prosthetic valve. A challenge
in crimping self-expandable prosthetic valves involves the
ability of the physician to easily and quickly crimp and load
a prosthetic valve 1nto a sheath of a delivery apparatus while
aligning and connecting the connection features of the
prosthetic with mating connection features of the delivery
apparatus. There thus remains a need for an improved
crimping device that addresses these and other disadvan-
tages 1n the prior art.

SUMMARY

An exemplary embodiment of a crimping device for
crimping a radially expandable and compressible prosthetic
valve can include a housing configured to receive a pros-
thetic valve 1 a radially expanded state. The housing
member can include a funnel segment and an outlet in
communication with the funnel segment. The crimping
device can further include an actuator rotatably coupled to
the housing, wherein rotation of the actuator relative to the
housing causes the prosthetic valve to move axially through
the funnel segment such that at least a portion of the
prosthetic valve compresses radially by engagement with the
funnel segment and exits the crimping device via the outlet.
Rotation of the actuator can cause the actuator to move
axially over the housing.

Some embodiments of the crimping device can further
comprise a pusher member configured to abut the prosthetic
valve within the housing, wherein rotation of the actuator
causes axial movement of the pusher member relative to the
housing, thereby pushing the prosthetic valve through the
housing. The pusher member can comprise an internal
cavity, the internal cavity comprising a plurality of ribs
configured to contact the prosthetic valve during radial
compression. Additionally and/or alternatively, the pusher
member can include an annular groove configured to receive
an end portion of the prosthetic valve. The pusher member
can be rotatably coupled to the actuator such that the
actuator 1s rotatable relative to the pusher member. The
pusher member can comprise releasable locking features for
releasable engagement with the actuator.

In some embodiments of the crimping device, the housing,
can comprise two or more housing components that form a
generally cylindrical shape when assembled to form the
housing. A retaining member can be configured to releasably
retain the two or more housing components together.

Additionally and/or alternatively, an exemplary crimping
device for crimping a radially expandable and compressible
prosthetic valve can comprise a housing having an outlet, the
housing member configured to receive a prosthetic valve in
a radially expanded state, and a pusher member that is
axially movable relative to the housing, wherein the pusher
member 1s configured to abut an end of the prosthetic valve
and axial movement of the pusher member relative to the
housing causes radial compression of the prosthetic valve
and axial movement of the prosthetic valve through the
outlet in a radially compressed, delivery configuration. The
crimping device can further comprise an actuator that is
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rotatable relative to the housing and the pusher member to
cause axial movement of the pusher member relative to the
housing.

In some embodiments, an internal surface of the housing
can include a plurality of ribs configured to receive a
prosthetic valve 1 a radially expanded state. Additionally
and/or alternatively, the pusher member can further include
a plurality of fins disposed between the plurality of ribs and
configured to slidingly engage the plurality of ribs during
axial movement of the pusher member. The housing member
can further comprise a tapered internal wall that terminates
at the outlet. The internal wall can cause radial compression
of the prosthetic valve during axial movement of the pusher
member relative to the housing. In some embodiments, the
pusher member can be rotatably coupled to the actuator such
that the actuator 1s rotatable relative to the pusher member.

An exemplary method for crimping a prosthetic valve can
comprise rotating an actuator of a crimping device relative
to a housing of the crimping device, wherein the housing
includes a funnel in communication with an outlet of the
crimping device, and slidingly engaging the prosthetic valve
with the funnel such that at least a portion of the prosthetic
valve compresses radially and exits the crimping device via
the outlet. In some embodiments, the method can further

comprise advancing the prosthetic valve out of an outlet of
the crimping device and into a sheath of a delivery appara-
tus.

In some embodiments, the funnel can comprise a plurality
of ribs extending radially inward toward a longitudinal axis
of the crimping device and the method for crimping can
turther comprise aligning at least a portion of a frame of the
prosthetic valve within the plurality of ribs. The housing can
comprise two or more housing components, wherein each
housing component comprises a portion of the funnel. In
some embodiments the method can further comprise assem-
bling the two or more housing components and placing the
housing co-axially around a delivery apparatus prior to
crimping of the prosthetic valve. Additionally and/or alter-
natively, the method can comprise disassembling the two or
more housing components and removing them from the
delivery apparatus.

The foregoing and other objects, features, and advantages
of the invention will become more apparent from the fol-
lowing detailed description, which proceeds with reference
to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of an exemplary crimping,
device and a prosthetic valve shown being crimped and
loaded onto a delivery apparatus.

FIG. 2 1s a cross-sectional, partially exploded view of the
crimping device of FIG. 1.

FIG. 3 1s a side view of a housing component of the
crimping device of FIG. 1.

FIG. 4 1s a cross-sectional view of the housing component
of FIG. 3 taken along line 4-4 of FIG. 3.

FIG. 5 1s a perspective view of the housing component of
FIG. 3.

FIG. 6 1s a perspective view of another housing compo-
nent that 1s complimentary to the one shown in FIG. S.

FIG. 7 1s a perspective view of a retaining ring of the
crimping device of FIG. 1.

FIG. 8 1s a perspective view of a housing assembly of the
crimping device of FIG. 1 comprising the components

shown 1n FIGS. 5-7.
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FIG. 9 1s a perspective view of an actuator of the crimping,
device of FIG. 1.

FIG. 10 1s a cross-sectional view of the actuator of FIG.
9 taken alone line 10-10.

FIG. 11 1s a perspective view of a valve holder of the
crimping device of FIG. 1.

FIG. 12 1s a cross-sectional view of the valve holder of
FIG. 11 taken along line 12-12.

FIG. 13 15 a cross-sectional view of a crimping device,
according to another embodiment.

FIG. 14 15 a cross-sectional, exploded view of a crimping
device, according to another embodiment.

FIG. 15 1s a cross-sectional, assembled view of the
crimping device of FIG. 14.

FIG. 16 1s a top perspective view of a housing of the
crimping device of FIG. 14.

FIG. 17 1s a top perspective view of a pusher member of
the crimping device of FIG. 14.

FIG. 18 1s a cross-sectional perspective view of the
crimping device of FIG. 14.

FIG. 19 1s a cross-sectional perspective view ol the
crimping device of FIG. 14 and a prosthetic valve being
crimped by the crimping device.

FIG. 20 1s a side elevation view of an exemplary pros-
thetic valve that can be crimped using any of the crimping
devices disclosed herein.

FIG. 21 15 a side elevation view of the distal end portion
of an exemplary delivery apparatus that can be used to the
deliver and implant the prosthetic valve of FIG. 20.

DETAILED DESCRIPTION

For purposes of this description, certain aspects, advan-
tages, and novel features of the embodiments of this disclo-
sure are described herein. Features, integers, characteristics,
compounds, chemical moieties or groups described 1n con-
junction with a particular aspect, embodiment or example of
the mvention are to be understood to be applicable to any
other aspect, embodiment or example described herein
unless incompatible therewith. All of the features disclosed
in this specification (including any accompanying claims,
abstract and drawings), and/or all of the steps of any method
or process so disclosed, may be combined 1n any combina-
tion, except combinations where at least some of such
features and/or steps are mutually exclusive. The mvention
extends to any novel one, or any novel combination, of the
features disclosed 1n this specification (ncluding any
accompanying claims, abstract and drawings), or to any
novel one, or any novel combination, of the steps of any
method or process so disclosed.

Although the operations of some of the disclosed methods
are described in a particular, sequential order for convenient
presentation, it should be understood that this manner of
description encompasses rearrangement, unless a particular
ordering 1s required by specific language. For example,
operations described sequentially may in some cases be
rearranged or performed concurrently. Moreover, for the
sake of simplicity, the attached figures may not show the
various ways 1n which the disclosed methods can be used in
conjunction with other methods.

As used herein, the terms “a”, “an”, and “‘at least one”
encompass one or more of the specified element. That 1s, 1f
two of a particular element are present, one of these ele-
ments 1s also present and thus “an” element 1s present. The
terms “a plurality of” and “plural” mean two or more of the

specified element.
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As used herein, the term “and/or” used between the last
two of a list of elements means any one or more of the listed
clements. For example, the phrase “A, B, and/or C” means
“A”, “B,”, “C”, “Aand B”, “A and C”, “B and C”, or “A,
B, and C.”

As used herein, the term “coupled” generally means
physically coupled or linked and does not exclude the
presence ol intermediate elements between the coupled
items absent specific contrary language.

FIG. 1 shows an exemplary system for crimping a pros-
thetic valve and other crimpable, implantable medical
devices, such as stents, grafts, etc. The illustrated system
comprises a crimping device 10 and a radially expandable
and compressible prosthetic valve 12, shown positioned
within the crimping device 10. The crimping device 10 1s
configured to reduce the diameter of the prosthetic valve 12
from a fully expanded configuration to a radially com-
pressed, delivery configuration for delivery into a patient.
The prosthetic valve 12 1s shown schematically in FIG. 1 for
purposes of illustration. FIG. 20 1s a more detailed illustra-
tion ol an exemplary prosthetic valve that can be used with
any of the crimping devices disclosed herein.

The exemplary system shown i FIG. 1 can further
comprise a delivery apparatus 14 or a portion thereof. The
delivery apparatus can comprise an inner shait or catheter 135
and an outer sheath 16, which 1s sized to retain the prosthetic
valve 12 1n the radially compressed configuration for deliv-
ery 1nto a patient. The prosthetic valve 12 can comprise any
radially collapsible and expandable prosthetic valve, such as
a prosthetic heart valve. The prosthetic valve 12 can be
radially collapsible and expandable between an expanded
configuration and a delivery configuration. The prosthetic
valve 12 can be self-expandable or plastically expandable. A
seli-expandable valve can have a frame formed from a
self-expanding metal (e.g., Nitinol). A plastically expand-
able valve can have a frame formed from a plastically
deformable metal (e.g., stainless steel or cobalt chromium
alloy).

After the prosthetic valve 12 1s crimped onto the delivery
apparatus 14 i the delivery configuration, the prosthetic
valve 12 can be removed from the crimping device 10. In
some embodiments, the prosthetic valve 12 and the delivery
apparatus 14 can be advanced through an outlet of the
crimping device 10 such that the crimping device 10 remains
positioned around a portion of the delivery apparatus 14 that
1s distal to the prosthetic valve 12. In other embodiments, the
crimping device 10 or components thereof can be configured
to separate 1nto pieces or open, such as like a clam shell,
such that the crimping device 10 can be removed laterally
from the delivery apparatus 14 and prosthetic valve 12, as
turther describe below. After the prosthetic valve 12 1is
removed from the crimping device 10, the prosthetic valve
12 and the delivery apparatus 14 can be mtroduced nto a
patient.

As shown 1n FIG. 2, portions of the crimping device 10
can be removably coupled to each other, for example via a
threaded engagement. For example, the crimping device 10
in the illustrated embodiment comprise a housing 18 thread-
ably coupled to an actuator 20 1n the form of a rotatable
knob. The crimping device 10 can further comprise a pusher
member or valve holder 22 (also referred to as a pedestal
member 22) axially movable with respect to the housing
member 18.

FIGS. 3-6 show the generally rnigid housing 18 within
which the prosthetic valve 12 can be positioned. The hous-
ing 18 1n the illustrated embodiment comprises an assembly
comprising first and second separable housing component
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19a and 195, respectively. Each housing component 194,
1956 can include an externally threaded portion 24 compris-
ing external threads on an outer surface of the housing
component adjacent a distal end 26, an outlet 28 at a
proximal end 30, and an internal funnel segment 32. The
funnel 32 segment of each housing component 19a, 195
comprises an 1nternal tapered wall 34 that terminates at the
outlet 28. For example, each funnel segment 32 can taper
from a first, greater diameter adjacent an intermediate por-
tion 36 of the housing component 19a, 196 to a second,
smaller diameter adjacent the outlet 28. The diameter of the
outlet 28 can be approximately the desired diameter of the
prosthetic valve 12 in the radially compressed, delivery
configuration. In some embodiments, the outlet 28 can be
flush with an outer rim portion 29 at the proximal end 30 but
in other embodiments the outlet 28 can be recessed with
respect to or extend beyond the rim portion 29.

Each housing component 19aq, 196 can comprise a half
cylinder. When placed together, the housing components
19a, 196 form a generally cylindrical or tubular shape. The
housing components 19a, 196 can include mating features
that assist the user 1n assembling the housing components
19a, 195. In the illustrated embodiment, for example, the
first housing component 19a¢ has diametrically opposed
recesses 62 formed 1n the longitudinal edges of the first
housing component 19a (FIG. 5), while the second housing
component 1956 has diametrically opposed protrusions 64
formed 1n the longitudinal edges of the second housing
component 1956 (FIG. 6). The recesses 62 are sized to receive
corresponding protrusions 64 when the housing components
19a, 196 are placed together.

In the assembled stated, the external threads 24 of the
housing components 194, 195 are aligned with each other to
form continuous threads that extend around the outer surface
of the housing assembly 18. The external threads of the
housing assembly 18 are configured to mate with internal
threads 54 of the actuator 20 to produce relative axial motion
between the actuator 20 and the housing assembly 18 upon
rotation of the actuator 20 relative to the housing assembly
18, as further described below.

The first and second housing components 19a, 195 can be
held or locked together in the assembled state while a
prosthetic valve 1s being crimped and then separated from
cach other to facilitate removal of the crimping device 10
from the delivery apparatus 14 after the prosthetic valve 1s
loaded onto the delivery apparatus. For example, as shown
in FIGS. 2 and 7, the crimping device 10 can further
comprise a retaining member 38 (also referred to as a
retaining ring) configured to encircle the housing compo-
nents 19a, 195, for example at their proximal ends 30, and
releasably lock or retain the housing components 194, 1956
together. The retaining member 38 can include a gripping
interface 40 for easy gripping and use by a user. The
oripping interface 40 can include, for example, a plurality of
circumierentially spaced ribs 41.

The retaiming member 38 can include an internal annular
surface 56 that can be sized to slide over and form a
frictional fit with the proximal end portions of the housing
components 19a, 195, such that retaining member can hold
the housing components 19a, 196 together during use but
can be easily removed from the housing components 19aq,
1956 by a user when it 1s desired to disassemble the housing
assembly 18 and remove 1t from the delivery apparatus 14.
The retaiming member 38 can include one or more notches
58, such as two diametrically opposed notches 58 as shown
in FIG. 7. The notches 58 can be configured to receive
corresponding protrusions 60 extending from the outer sur-
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faces of the housing components 19aq, 1956 to assist 1n
retaining the retaining member 38 1n place during use. FIG.
4 shows a protrusion 60 extending from the outer cylindrical
surface of first housing component 194. The second housing
component 196 can include an 1identical protrusion 60
located diametrically opposed to the one on the first housing
component 19a.

In certain embodiments, other techniques or mechanisms
can be used to secure the retaining member 38 on the
housing components 19a, 195. For example, the notches 38
or other portions of the retaining member 38 can be con-
figured to form a snap-fit connection with corresponding
portions of the housing components 19q, 19b. Alternatively,
the retaiming member 38 can be have a threaded portion
(c.g., internal threads) that engage corresponding threads
(¢.g., external threads) on the housing components 19a, 195.

In alternative embodiments, the housing components 19a,
1956 can 1nclude releasable, mating locking features that are
configured engage each other and retain the housing com-
ponents 19a, 195 1n their assembled state without the use of
a separate retaining member 38. For example, the first
housing component 19a can have features that form a
releasable snap-fit connection with corresponding mating,
teatures of the second housing component 195.

In alternative embodiments, the housing assembly 18 can
comprise a single cylindrical housing component or member
rather than multiple, separable components. In such alter-
native embodiments, the retaining member 38 would not be
required. In still alternative embodiments, the housing
assembly 18 can comprise more than two housing compo-
nents, for example, three, four, or more separable housing
components that can be assembled 1nto a cylindrical form.

As noted above, the crimping device 10 can further
comprise an actuator 20 and a valve holder 22. The engage-
ment of the iner threads 34 of the actuator 20 with the
external threads 24 of the housing assembly 18 1s such that
rotation of the actuator 20 1n one direction relative to the
housing assembly 18 causes the actuator 20 to move proxi-
mally relative to the housing assembly 18 in the direction
indicated by arrow 88 1n FIG. 1. Rotation of the actuator 20
in the opposite direction causes the actuator 20 to move
distally relative to the housing assembly 18 1n the direction
indicated by arrow 90 in FIG. 1.

As used hereimn, the term “proximal” or “proximally”
means closer to or 1n a direction toward the user using the
delivery apparatus 14. Thus, the proximal direction indi-
cated by arrow 88 1s toward a handle (not shown) of the
delivery apparatus 14 and the user. As used herein, the term
“distal” or “distally” means farther or 1n a direction away
from the user using the delivery apparatus 14. Thus, the
distal direction indicated by arrow 90 extends away from the
handle of the delivery apparatus 14 and the user.

In the illustrated embodiment, the crimping device 10 1s
arranged on the delivery apparatus 14 at a location distal to
the sheath 16 and such that the actuator 20 defines the distal
end of the crimping device 10 and the retaining member 38
defines the proximal end of the crimping device 10. How-
ever, 1t should be understood that the crimping device 10 can
be placed on the delivery apparatus 14 in a reverse position
at a location proximal to a proximal opening of a sheath with
the actuator 20 defining a proximal end of the crimping
device 10 and the retaining member 38 defining the distal
end of the crimping device 10. Thus, 1t can be appreciated
that the terms “proximal” and *““distal” when used to describe
components of the crimping device and their operation,
these terms are used as a matter of convemence and not
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require a certain orientation of the crimping device relative
to the delivery apparatus or the user.

As best shown 1n FIGS. 11 and 12, the valve holder 22 can
be generally cylindrical and sized to fit within an axially
extending bore 42 of the housing assembly 18. The valve
holder 22 1s configured to hold at least a portion of the
prosthetic valve 12 and push the prosthetic valve 12 axiaally
through the bore 42 and the funnel segment 32 to eflect
crimping of the prosthetic valve 12. As shown, the valve
holder 22 can comprise an internal annular recess 44 that 1s
configured to engage, abut, or receive a first end portion 46
of the prosthetic valve 12. The annular recess 44 can include
an annular lip 48 configured to hold the first end portion 46
of the prosthetic valve 12 within the recess 44.

The annular recess 44 can be 1n communication with a
larger internal cavity or bore 66 formed within a proximal
end portion 68 of the valve holder 22. The wall of the cavity
66 can be formed with a plurality of circumierentially
spaced ribs 70 that extend longitudinally along and radially
inwardly from the inner surface of the cavity 66. The ribs 70
can help support the prosthetic valve 12 such that there 1s
less axial deformation of the prosthetic valve 12 during
radial compression of the prosthetic valve 12. The ribs 70
can further assist 1n the proper placement of the prosthetic
valve 12 1n the crimping device 10. The number of plurality
of ribs 70 can vary depending on the type and/or size of
prosthetic valve to be crimped.

As further shown 1n FIGS. 1 and 12, a distal end portion
72 of the valve holder 22 can have an axially extending bore
82 that 1s in communication with the cavity 66 within the
proximal end portion 68 of the valve holder. In this manner,
the bore 82 and the cavity 66 form an axially extending
passageway or lumen extending completely through the
valve holder 22 to permit the delivery catheter 14 to be
inserted through the valve holder 22.

The valve holder 22 can be rotatably coupled to the
actuator 20 so as to permit rotation of the actuator 20 relative
to the valve holder 22 and effect axial movement of the
actuator 20 and the valve holder 22 relative to the housing
assembly 18 upon rotation of the actuator. To such ends, the
distal end portion 72 of the valve holder 22 can be formed
with one or more releasable locking features 74 (e.g., two
diametrically opposed locking features 74 in the illustrated
embodiment) configured to releasably engage the actuator
20. For example, as best shown i FIG. 1, each locking
teature 74 can comprise a deflectable lip 76 and a notch or
groove 78 that 1s sized to recerve an inwardly turned annular
ledge 80 of the actuator 20. The lips 76 can be detlected
inwardly when pressed against the ledge 80, which allows
the ledge 80 to slide 1nto the grooves 78, thereby forming a
snap-fit connection between the ledge 80 and the locking
teatures 74.

The grooves 78 can be slightly oversized relative to the
ledge 80 to permit rotation of the ledge 80 within the
grooves 78 upon rotation of the actuator 20 relative to the
valve holder 22. Due to the threaded engagement of the
actuator 20 and the housing assembly 18, rotation of the
actuator 20 1s eflective to cause relative axial movement
between the actuator 20 and the housing assembly 18. The
ledge 80 in engagement with the grooves 78 transiers axial
movement of the actuator 20 to the valve holder 22 such that
axial movement of the actuator 20 1s eflective to move the
valve holder 22 axially relative to the housing assembly 18
in the same direction. The valve holder 22 1n turn pushes the
prosthetic valve 12 axially though the housing assembly 18.
Thus, rotation of the actuator 20 relative to the housing
assembly 18 can urge the valve holder 22 against the first
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end 46 of the prosthetic valve 12 thereby forcing the
prosthetic valve 12 against the tapered walls 34 of the funnel
32, thereby causing the prosthetic valve 12 to radially
compress as 1t 1s pushed through the funnel 32 and out-
wardly through the outlet opening 28.

If desired, the actuator 20 can be removed from the valve
holder 22 by pressing the lips 76 of the locking features
inwardly past the radial mnermost edge of the ledge 80,
which allows the actuator 20 to be slid axially away from
and out of engagement with the distal end portion 72 of the
valve holder 22. In other embodiments, the actuator 20 need
not be removable from the valve holder 22 and instead can
be permanently coupled to the valve holder 22 but otherwise
allows for relative rotation of the actuator 20 and the valve
holder 22 as previously described above.

As shown 1n FIG. 11, the valve holder 22 can have one or
more longitudinally extending, external ribs or protrusions
84 (two diametrically opposed ribs 84 in the illustrated
embodiment). The external ribs 84 are sized to be received
in respective longitudinal slots 86 1n each housing compo-
nent 19a, 195 (see FIG. 3). Although only the slot 86 of the
first housing component 194 1s shown 1n FIG. 3, the second
housing component 195 has an identical slot 86 diametri-
cally opposed to the one 1n the first housing component 19a.
The engagement of the ribs 84 within the slots 86 can be
used to align the valve holder 22 within the housing assem-
bly 18 and prevents any rotation of the valve holder 22
relative to the actuator 20 and the housing assembly 18 upon
rotation of the actuator 20.

The threaded engagement of the actuator 20 and the
housing assembly 18 can allow a user to precisely control
the advancement of the prosthetic valve 12 out of the
crimping device 10 and/or radial compression of the pros-
thetic valve 12. The crimping device 10 further allows for a
one-person operation of the crimping device 10 and a
repeatable, predictable procedure for crimping and loading,
a prosthetic valve 12. Some embodiments of the prosthetic
valve 12 can include connection features that form a releas-
able connection with mating features of the delivery appa-
ratus 14 (the connection features are located at the end of the
prosthetic valve opposite the end 1n engagement with the
valve holder 22) (e.g., see connecting arms 312 of prosthetic
valve 300, described 1n further detail below). The connec-
tion features of the prosthetic valve have to be radially
compressed while maintaining rotational alignment with the
mating features of the delivery apparatus. The crimping
device 10 allows a single operator to control crimping of the
prosthetic valve while maintaining the rotational alignment
of the connection features of the prosthetic valve with the
mating features of the delivery apparatus. As the prosthetic
valve 1s advanced out of the outlet 28 of the crimping device
10, the operator can connect the connection features of the
prosthetic valve to the mating features of the delivery
apparatus.

In the embodiment shown in FIG. 3, for example, the
prosthetic valve 12 can be advanced through the outlet 28 of
the crnmping device 10 and into the sheath 16 of the delivery
apparatus 14. The sheath 16 can be a tubular structure
configured to contain the prosthetic valve 12 in the delivery
configuration. The crimping device 10 can then be removed
from the delivery apparatus 14 by sliding it distally off the
inner shaft 15 (in the direction of arrow 90).

In some embodiments, the delivery apparatus 14 can
include a nose cone or tip portion at the distal end of the
inner shaft 15, which can prevent removal of the crimping
device 10 by sliding 1t distally off the inner shait 15. In such
cases, the crimping device 10 can be disassembled by
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rotating the actuator 20 in the opposite direction to cause the
actuator 20 to move distally relative to the housing assembly
18 (in the direction of arrow 90) until the actuator 20 1s
disengaged and removed from the housing assembly 18. The
retaining member 38 can be slid off of the proximal end of
the housing assembly 18, which then allows the first and
second housing components 19a, 1956 to be separated later-
ally away from each other and the delivery apparatus 14. The
valve holder 22 desirably has a large enough lumen to be slid
ofl the delivery apparatus 14, such as by sliding the valve
holder 22 distally relative to the iner shaft 15 until 1t 1s
removed from the distal end of the delivery apparatus.

The delivery apparatus 14 can then be mserted into the
vasculature of a patient and used to deliver the prosthetic
valve 12 percutaneously to the desired implantation location
using conventional techniques. The distal end of the delivery
apparatus 14 can be mnserted into another device, such as an
introducer sheath, which has been already inserted into a
patient, to facilitate insertion of the delivery apparatus 14
into the patient.

In some embodiments, a system comprising a crimping,
device 10, a delivery apparatus 14, and a prosthetic valve 12
can be packaged and shipped from the manufacturer to the
end user with the prosthetic valve 12 pre-loaded 1nside of the
tully assembled crimping device 10 coaxially mounted on
the delivery apparatus. In some embodiments, the system
can further comprise a sterile package enclosing the crimp-
ing device 10 mounted on the distal end portion of the
delivery apparatus, the prosthetic valve 12 pre-loaded in the
crimping device, and the entire the delivery apparatus 14 or
just the distal end portion of the delivery apparatus on which
the crimping device and the prosthetic valve are mounted. In
other embodiments, the system can further comprise another
device, such as an introducer sheath, to assist in inserting the
delivery apparatus 14 into a patient once the prosthetic valve
has been loaded into the sheath 16.

In some embodiments, the prosthetic valve 12 can be 1n
a partially crimped configuration prior to being assembled
within the crimping device 10. For example, the prosthetic
valve 12 can be pre-crimped to the partially crimped con-
figuration using another crimping instrument, prior to being
assembled 1into crimping device 10. In the partially crimped
configuration, the prosthetic valve 12 has an outer diameter
that 1s between that of the expanded configuration and that
of the delivery configuration. In some embodiments, the
prosthetic valve 12 can have an outer diameter in the
partially crimped configuration that 1s closer to the outer
diameter in the delivery configuration than to the outer
diameter 1n the expanded configuration. For example, the
prosthetic valve 12 1n the partially cimped configuration
can be crimped about 75% of the way from the expanded
configuration to the delivery configuration. The crimping
device 10 can also be configured to crimp the prosthetic
valve 12 to the delivery configuration from the expanded
configuration without first pre-crimping the prosthetic valve
12 to an intermediate partially crimped configuration.

FIG. 13 shows an alternative embodiment of a crimping,
device 100 comprising a housing, a valve holder or pusher
member 104 and an actuator or knob 106. The housing can
comprise a unitary, generally cylindrical structure. Alterna-
tively, the housing can comprise or two or more separable
housing components as described above. For example, the
housing can include a first housing component 102 and a
second housing component (not shown). When assembled
together, the first housing component 102 and the second
housing component can form a generally cylindrical or
tubular shape. Both the first and the second housing com-
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ponents can include releasable, mating locking features that
are configured to engage each other and retain the housing
components 1n their assembled state. For example, each
housing component can include one or more fins 108
extending from the proximal end of the housing component
(shown on the first housing component 102 1n FIG. 13), for
example two such fins 108 on diametrically opposed sides of
an outlet 110. One of the fins 108 on the first housing
component 102 can include a threaded hole 112 and the
other fin 108 can include a non-threaded hole 114. The

non-threaded 114 hole may have a larger diameter of the
threaded hole 112. The threaded hole 112 can be configured
to align up with a non-threaded hole on a fin of the second
housing component and the non-threaded hole 114 can be
configured to align with a threaded hole on a fin of the
second housing component (not shown). A threaded screw
or knob (not shown) can be passed through first a non-
threaded hole and then through the threaded hole of the first
and second housing components to join and releasably retain
the first and second housing components together.

FIGS. 14-19 show an alternative embodiment of a crimp-
ing device 200 comprising a housing 202, a valve holder or
pusher member 204 and a rotatable actuator or knob 206.
FIG. 14 1s an exploded view of the crimping device 200.
FIG. 15 1s a cross-sectional, assembled view of the crimping
device 200. The housing 202 can have a generally cylindri-
cal shape having an externally threaded portion 208 along a
distal end portion 210 and a funnel segment 214 along a
proximal end portion 220 in communication with an outlet
opening 212. In the illustrated embodiment, the housing 202
comprises a unitary, generally cylindrical structure. How-
ever, 1n other embodiments, the housing can comprise an
assembly of a plurality of separable housing components, as
described above 1n connection with the crimping device 10.

The funnel segment 214 comprises a conical or funnel
shaped wall 216 that 1s tapered from a first, greater diameter
adjacent an intermediate portion 218 of the housing 202 to
a second, smaller diameter at the outlet 212. The housing
202 can further comprise internal tapered wall 222 extend-
ing from the distal end portion 210 of the housing 202 to
approximately adjacent the distal end of the funnel segment
214. The internal tapered wall 222 tapers from a first larger
diameter to a second, smaller diameter moving in a direction
from the distal end portion 210 to the proximal end portion
220. In the 1llustrated embodiment, the wall 222 1s tapered
at a smaller angle relative to a longitudinal axis A of the
crimping device than the funnel segment, which 1s tapered
at a steeper angle relative to the longitudinal axis A. In other
embodiments, the wall 222 can be tapered at the same angle
as the funnel segment 214, or at a greater angle than the
tfunnel segment 214.

The wall 222 can include a plurality of circumierentially
spaced ribs 224 extending longitudinally along a portion or
the entire length of the wall 222 and radially inwardly
extending toward the longitudinal axis A. The width of the
ribs (the width being the dimension extending from the wall
222 toward the longitudinal axis A) can increase along their
length from a smaller width adjacent the distal end portion
210 to a greater width adjacent the proximal end portion
220. The nibs 224 function to prevent or at least minimize
axial deformation of a prosthetic valve 250 (see FIG. 19)
during radial compression and/or assist 1n alignment of the
connection features of the prosthetic valve with mating
teatures of the delivery apparatus.

In particular embodiments, the ribs 224 can also begin to
radial compress a prosthetic valve 250 from the fully
expanded diameter to a partially crimped diameter betfore 1t

10

15

20

25

30

35

40

45

50

55

60

65

12

enters the funnel segment 214 where 1t 1s then crimped from
the partially crimped diameter to the fully crimped diameter
for loading 1nto a delivery apparatus. Thus, 1n this manner,
the housing 202 can have two crimping sections that can
crimp the prosthetic valve at diflerent rates due to the
different tapering angles of the two sections. In the 1llus-
trated embodiment, for example, the wall 222 and the ribs
224 are tapered at a smaller angle relative to the longitudinal
axis A than 1s the funnel segment 214, 1n which case the first
crimping section (defined by the rnibs 224) imitially crimps
the prosthetic valve a first amount and then 1s further
crimped by the second crimping section (defined by the
funnel segment 214) a second amount greater than the first
amount.

As best shown 1n FIG. 17, the pusher member 204 can
comprise a generally cylindrical or tubular main body 226,
an annular ledge 230 at the proximal end of the main body,
and a plurality of circumierentially spaced, radially extend-
ing fins 228 extending from the ledge 230. The fins 228 can
be configured to be slidably disposed between the ribs 224
of the housing 202 such that as the pusher member 204
moves axially with respect to the housing 202, the fins 228
slide between the ribs 224. Each of the fins 228 can have the
shape of an angular segment that flares or widens in width
extending 1n a radial direction away from the annular ledge
230 so as to generally correspond to the shape of the spaces
between the ribs 224, as best shown in FIG. 18. The annular
ledge 230 1s configured to abut an adjacent end 232 of the
prosthetic valve 250 when pushing the prosthetic valve
through the housing 202.

In alternative embodiments, the pusher member 204 can
have an annular recess (similar to the recess 44 of the valve
holder 22) or a similar feature that 1s configured to hold or
retain an end portion of a prosthetic valve as 1t 1s pushed
through the housing 202.

The actuator 206 can have internal threads 234 configured
to engage the external threads 208 of the housing 202 such
that rotation of the actuator 206 causes the actuator 206 to
move axially along the length of the housing 202. The
actuator 206 can surround the pusher member 204 and can
be coupled to the pusher member 204 such that axial
movement of the actuator 206 (through rotation of the
actuator 206 relative to the pusher member 204 and the
housing 202) causes corresponding axial movement of the
pusher member 204 through the housing 202. For example,
the main body of the pusher member 204 can be formed with
resilient locking features 238 configured to form a snap fit
connection with an mwardly turned radial ledge 240 of the
actuator 206.

The crimping device 200 can be used to crimp a prosthetic
valve 250 in the manner described above in connection with
the crimping device 10. Brietly, the prosthetic valve 250 can
be mserted into the housing 202. The pusher member 204
(which can be preassembled to the actuator 206) 1s 1nserted
into the housing 202 so as to engage an adjacent end 232 of
the prosthetic valve 250 while the actuator 206 1s screwed
onto the outside of the housing 202. Although not shown, the
housing 202, the prosthetic valve 250, the pusher member
204, and the actuator 206 can be positioned co-axially
around the shait of a delivery apparatus. As the actuator 206
1s rotated relative to the housing 202, the actuator 206 moves
axially along the housing 202, pushing the pusher member
204 through the housing 202, which 1 turn pushes the
prosthetic valve 250 through the housing 202. As prosthetic
valve 250 1s pushed through the tapered wall segment 222
and the funnel segment 214, the prosthetic valve 1s radially
compressed and pushed outwardly through the outlet 212. In
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particular embodiments, the prosthetic valve 250 can be
pushed directly from the crimping device 200 into a sheath
of a delivery apparatus (not shown).

FIG. 20 15 a side elevation view of an exemplary pros-
thetic valve 300 that can be crimped using any of the
crimping devices disclosed herein. The prosthetic valve 300
comprises a radially expandable and compressible metal
frame 302 supporting a plurality of leatlets 304 inside of the
frame. The prosthetic valve 300 can also include a sealing
member 306 (e.g., a fabric skirt) secured on the outside of
the frame 302 and configured to create a seal against a native
valve annulus. In certain embodiments, the prosthetic valve
300 1s self-expandable with the frame 302 being formed
from a self-expanding metal (e.g., Nitinol).

The frame 302 can comprise a main body 303 and a first
set of anchors 308 and a second set of anchors 310 extending,
toward each other from opposing portions of the main body
303. In particular embodiments, the prosthetic valve 300 1s
a prosthetic mitral valve and the anchors 308 are configured
to help anchor the prosthetic valve 300 1n the left atrium and
the anchors 310 are configured to help anchor the prosthetic
valve 300 in the left ventricle. The end of the frame 302
opposite the anchors 310 can include a plurality of connect-
ing arms 312 having enlarged end portions 314. The end
portions 314 are configured to engage mating features of a
delivery apparatus to form a releasable connection between
the prosthetic valve and the delivery apparatus.

As noted above, the plurality of nbs 224 can aid in the
alignment of the prosthetic valve 300. For example, the
prosthetic valve 300 can be aligned within the crimping
device such that one or both of the first and second set of
anchors 308 and 310 are disposed between the plurality of
ribs (as shown in FIG. 19 with respect to the second set of
anchors 310), thereby ensuring that the enlarged end por-
tions 314 are positioned for engagement with the mating
features of the delivery apparatus to form a releasable
connection between the prosthetic valve and the delivery
apparatus. As the prosthetic valve 1s pushed out of the outlet
212, the second set of anchors 310 can be radially com-
pressed against the main body 303 of the frame 302 of the
prosthetic valve 300. In alternative embodiments, the lead-
ing end 241 (FIG. 19) of the funnel segment 214 can be
adapted to cause the anchors 310 to bend away from the
main body 303 into a substantially straightened configura-
tion extending 180 degrees from the main body 303 as the
prosthetic valve 300 moves through the funnel segment 214.

FIG. 21 shows the distal end portion of an exemplary
delivery apparatus 400 that can be used to deliver and
1mplant the prosthetic valve 300 1n a patient’s body. Any of
the crimping devices disclosed herein can be used to crimp
the prosthetic valve 300 and load it onto the delivery
apparatus 400. As shown, the delivery apparatus 400 gen-
crally comprises an outer sheath 402, a first shaft 404
extending coaxially through the sheath 402, and a second
shaft 406 extending coaxially through the first shaft 404. A
nose cone 408 can be attached to the distal end portion of the
second shait 406. Although not shown, the proximal end
portions of the sheath 402, the first shait 404, and the second
shaft 406 can be coupled to a handle and each of these
components can be moveable axially relative to each other.

A valve-retaining member 410 can be connected to the
distal end portion of the first shait 404 and can include a
plurality of circumierentially spaced slots 412 sized to
receive the connecting arms 312 of the prosthetic valve 300.
During the crimping process, the valve-retaining member
410 matially can be outside of the sheath 402. As the

prosthetic valve 300 1s mitially pushed out of the outlet 212
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of the crimping device 200, the connecting arms 312 can be
placed within respective slots 412 of the valve-retaining
member 410. The enlarged end portions 314 can be posi-
tioned within an annular slot 414 proximal to slots 412 to
prevent axial separation of the prosthetic valve from the
valve-retaining member.

As the prosthetic valve 1s further advanced from the
crimping device, the sheath 402 can be advanced distally
over the valve-retaining member 410 and the prosthetic
valve 300 so that the prosthetic valve can be delivered and
implanted 1n a patient’s body using the delivery apparatus
400. After the delivery apparatus 400 1s inserted into a
patient’s vasculature and the distal end portion 1s positioned
at or adjacent the desired implantation site (e.g., the native
mitral valve), the sheath 402 can be retracted proximally to
deploy the prosthetic valve 300 from the sheath 402, allow-
ing the prosthetic valve to expand under 1ts own resiliency.
When the sheath 402 i1s retracted proximally beyond the
valve-retaining member 410, the connecting arms 312 can
expand radially away from their engagement with the slots
412, thereby de-coupling the prosthetic valve from the
delivery apparatus.

In view of the many possible embodiments to which the
principles of the disclosed invention can be applied, 1t
should be recognized that the illustrated embodiments are
only preferred examples of the invention and should not be
taken as limiting the scope of the invention. Rather, the
scope of the invention 1s defined by the following claims. We
therefore claim as our invention all that comes within the
scope and spirit of these claims.

We claim:

1. A device for crimping a radially expandable and
compressible prosthetic valve, the device comprising:

a housing configured to receirve a prosthetic valve 1 a
radially expanded state, the housing comprising an
outlet and a funnel segment 1n communication with the
outlet;

a pusher member configured to move axially through the
housing and abut the prosthetic valve within the hous-
ing, the pusher member comprising an outer groove;
and

an actuator rotatably coupled to the housing and pusher
member, the actuator comprising an inwardly extend-
ing ledge received by and configured to rotate within
the outer groove of the pusher member;

wherein rotation of the actuator relative to the housing
and pusher member moves the pusher member and
prosthetic valve axially through and relative to the
housing such that at least a portion of the prosthetic
valve radially compresses through engagement with the
funnel segment and exits the outlet of the housing.

2. The device of claim 1, wherein the pusher member
comprises a lip configured to deflect inwardly to allow the
ledge of the actuator to be removed from the outer groove of
the pusher member for separating the actuator from the
pusher member.

3. The device of claim 1, wherein the actuator encircles
the pusher member.

4. The device of claim 1, wherein the housing encircles
the pusher member.

5. The device of claim 1, wherein the actuator 1s thread-
ably coupled to the housing.

6. The device of claim 1, wherein the pusher member
comprises an internal cavity and an annular lip configured to
retain the prosthetic valve as the pusher member and pros-
thetic valve move axially through and relative to the hous-
ing.
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7. The device of claim 1, wherein the pusher member
comprises a plurality of radially extending fins.

8. The device of claim 1, wherein the housing comprises
an 1mnner surface and a plurality of circumierentially spaced
ribs extending radially inwardly from the inner surface that
are configured to radially compress at least a portion of the
prosthetic valve.

9. The device of claim 8, wherein each rib of the housing,
has a width that increases from one end portion of the
housing to another end portion of the housing.

10. The device of claim 1, wherein the pusher member
and the housing comprise complementary features that
restrict relative rotation between the pusher member and the
housing when the pusher member moves through the hous-
ng.

11. The device of claim 10, wherein the feature of the
pusher member comprises at least one external protrusion
and the feature of the housing comprises at least one slot to
engage the external protrusion, wherein engagement
between the external protrusion and the slot restricts relative
rotation between the pusher member and the housing.

12. A device for crimping a radially expandable and
compressible prosthetic valve, the device comprising:

a housing configured to receive a prosthetic valve 1n a
radially expanded state, the housing comprising an
outlet and a funnel segment 1n communication with the
outlet;

a pusher member configured to move axially through the
housing and abut the prosthetic valve within the hous-
ing, the pusher member comprising a pair of releasable
locking features; and

an actuator rotatably coupled to the housing and the
pusher member, the actuator comprising an mwardly
extending annular ledge;

wherein the locking features of the pusher member releas-
ably engage the annular ledge of the actuator and the
actuator 1s configured to rotate relative to the locking
features:

wherein rotation of the actuator relative to the housing
and pusher member moves the pusher member and
prosthetic valve axially through and relative to the
housing such that at least a portion of the prosthetic
valve radially compresses through engagement with the
funnel segment and exits the outlet of the housing.

13. The device of claim 12, wherein the locking features
are diametrically opposed to one another.
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14. The device of claim 12, wherein the locking features
of the pusher member extend through an opening defined by
the annular ledge of the actuator.

15. The device of claim 12, wherein the locking features
comprise a deflectable lip and a notch configured to receive
the annular ledge of the actuator.

16. The device of claim 12, wherein the pusher member
comprises a longitudinally extending external rib and the
housing comprises a longitudinally extending slot config-
ured to receive the external rib to limit relative rotation

between the pusher member and the housing.
17. The device of claim 12, wherein a portion of the

housing 1s disposed between the pusher member and the
actuator.

18. A device for crimping a radially expandable and
compressible prosthetic valve, the device comprising:

a housing assembly configured to receive a prosthetic
valve 1n a radially expanded state, the housing assem-
bly comprising a first housing component and a second
housing component separably coupled to the first hous-
ing component, wherein when the first and second
housing components are coupled to each other, the first
and second housing components form an outlet and a
funnel segment of the housing assembly that are 1n
communication with one another;

a retaining member encircling the housing assembly and
configured to releasably retain the first and second
housing components to one another; and

a valve holder configured to extend into and move axially
through the housing assembly and abut the prosthetic
valve within the housing assembly, wherein as the
valve holder moves axially through and relative to the
housing assembly at least a portion of the prosthetic
valve compresses radially and exits the outlet of the
housing assembly.

19. The device of claim 18, wherein one of the first and
second housing components comprises a protrusion and the
other of the first and second housing components comprises
a recess configured to mate with the protrusion.

20. The device of claim 18, further comprising an actuator
rotatably coupled to the housing assembly and the valve
holder, and wherein the actuator 1s configured such that
when the actuator 1s rotated relative to the housing assembly
and the valve holder, the actuator moves the valve holder
and the prosthetic valve axially through and relative to the
housing assembly such that the prosthetic valve engages the
funnel segment.
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